IMPORTANCE Pragmatic clinical trial designs have proposed the use of medical claims data to ascertain clinical events; however, the accuracy of billed diagnoses in identifying potential events is unclear.
T here is increasing interest in pragmatic clinical trials designed to compare therapeutic effectiveness and safety in routine clinical practice. [1] [2] [3] One proposed means of minimizing patient follow-up costs is to use medical claims as an alternative to traditional clinical follow-up and dedicated data collection to adjudicate events of interest. [4] [5] [6] [7] Few studies have evaluated the accuracy of medical claims diagnosis codes when compared with the accuracy of physician event adjudication. Previous studies also have largely been limited to Medicare claims for patients older than 65 years. [8] [9] [10] Treatment With Adenosine Diphosphate Receptor Inhibitors: Longitudinal Assessment of Treatment Patterns and Events After Acute Coronary Syndrome (TRANSLATE-ACS) was a multicenter, longitudinal study of 12 365 patients with acute myocardial infarction (MI) enrolled at 233 US hospitals.
11 Medi- cal claims forms for all rehospitalizations of TRANSLATE-ACS participants during the study follow-up period (April 1, 2010 , to May 13, 2014 were collected. Medical records were collected to perform independent physician adjudication of MI, stroke, and bleeding events. Our objectives were to (1) compare medical claims-identified vs physician-adjudicated cumulative incidence of recurrent MI, stroke, and bleeding events within 1 year after MI and (2) assess the accuracy of claimsidentified events using physician adjudication as the criterion standard.
Methods

Patients and Study Design
The TRANSLATE-ACS was an observational study of 12 365 patients with acute MI treated with percutaneous coronary intervention and adenosine diphosphate receptor inhibitor therapy during the index MI hospitalization. 11 Patients were enrolled from April 1, 2010 , through October 31, 2012 . The institutional review board of the Duke University Health System approved this post hoc analysis. At enrollment, all patients provided written informed consent for medical claims and records collection related to any rehospitalization within the 15 months after index MI hospitalization. These claims and records were collected by trained personnel at the Duke Clinical Research Institute, Durham, North Carolina.
11,12
Data Collection and Definitions
Data collection was triggered (1) by patient self-report of a rehospitalization, including screening of surrounding dates (within 7 days) and geographic areas (within 60 miles) if a hospital bill could not be found for the exact patient-reported date or location; (2) by additional hospital stays beyond the 7-day window reported by these hospitals; or (3) by standard queries of all TRANSLATE-ACS hospitals at 12 months after enrollment to screen for rehospitalizations that were underreported by the patient. Medical claims were reported on a Uniform Bill (UB-04) claims form, which is a common reporting format used by US hospitals that contains diagnosis and procedural codes. Hospital claims were collected from all hospitals visited by enrolled patients regardless of payer type. Medical claims reported only in-hospital deaths, whereas physician adjudication searched all TRANSLATE-ACS data resources to ascertain death, including death indexes, family contacts, site summary reports, and medical records. Medical records, including discharge summaries, laboratory results, procedure reports, and operative reports, were collected after the bill confirmed at least an overnight rehospitalization. If the UB-04 bill could not be obtained or if International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes were not available on the bill, then the study team requested records directly from sites to determine rehospitalization occurrence. The study physicians at the Duke Clinical Research Institute independently adjudicated outcomes after medical record review using the prespecified criteria of recurrent MI and stroke and bleeding definition by the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO) scale (eTable 1 in the Supplement).
13 For this analysis, the outcomes of recurrent MI, stroke, and bleeding were ascertained from medical claims using prespecified ICD-9-CM diagnosis and procedural codes (eTable 2 in the Supplement). [14] [15] [16] For each outcome, the primary analysis examined the first diagnosis code of each bill (primary diagnosis for the hospitalization). Secondary analyses were also conducted that considered diagnosis codes in the first or second position and then in any position on the bill. Notably, ICD-9-CM codes in medical claims identified bleeding events but could not classify GUSTO scale bleeding severity because ICD-9-CM codes do not capture data on hemoglobin drop or hemodynamic instability. Because transfusion can be identified by medical claims, secondary analyses examined the addition of transfusion to bleeding diagnosis codes.
Statistical Analysis
Data were analyzed from January 30, 2015, to March 2, 2017 . We calculated the total number of each event type when identified by medical claims vs when physician adjudicated. We also calculated cumulative incidence rates at the patient level of each event type and the combined outcome of death, MI, and stroke when defined by the 2 respective methods. The primary analysis included the entire study population (N = 12 365). There were rehospitalizations for which medical claims could
Key Points
Question Can medical claims be used to accurately assess cardiovascular and bleeding events after myocardial infarction in an all-ages population?
Findings In this secondary analysis of a clinical trial of 12 365 patients with acute myocardial infarction, the cumulative 1-year event rates for myocardial infarction, stroke, and bleeding were lower when medical claims were used to identify events compared with physician adjudication. Billed diagnoses were modestly accurate in identifying myocardial infarction and stroke admissions but had limited accuracy in identifying bleeding events.
Meaning The limited accuracy of medical claims in identifying bleeding events suggests the need for an alternative approach to ensure good safety surveillance in cardiovascular studies. not be collected or ICD-9-CM codes were unavailable on the bill. Thus, we performed sensitivity analyses to assess 1-year event rates after excluding patients with 2 or more rehospitalizations missing ICD-9-CM codes (n = 221) and after excluding patients with any rehospitalization missing ICD-9-CM codes (n = 762). We compared event rates using the first diagnosis code of medical claims and physician adjudication.
The agreement between medical claims-identified events and physician-adjudicated events over the 12 months after discharge was assessed with κ statistic, which compares the observed proportion of agreement between the 2 methods with the proportion of agreement expected by chance; a κ of 1 denotes complete agreement, andaκof 0demonstrates no more agreement than expected by chance. We repeated the κ statistic to examine agreement on a patient-level analysis that considered whether the patient had at least 1 of that event type within the year after discharge (eg, if a patient had 2 hospital stays with MI claims codes and only 1 stay was adjudicated as MI, then both claims and adjudication methods would agree at the patient level but not at the event level).
To examine potential discrepancies in analysis results when using claims-identified vs physician-adjudicated events, we compared 1-year rates of MI and bleeding as well as the composite of death, MI, and stroke between men and women. Myocardial infarction and bleeding cumulative incidence rates were compared between sexes using physician-adjudicated events data and claims data with codes in the first diagnosis position, first or second diagnosis position, and all diagnosis positions. We used Cox proportional hazards models to examine sex differences in event risk, presented as hazard ratios (HRs) and 95% CIs.
We used SAS version 9.4 (SAS Institute Inc) for all statistical analyses. P < .05 was considered statistically significant, and all tests were 2-tailed.
Results
Study Population and Hospitalizations
Among 12 365 patients, the mean (SD) age was 60 (11.6) years and 8890 (71.9%) were men. Of these, 14 patients (0.1%) died during the index hospitalization and were excluded ( Figure 1 ). Among patients who were discharged alive (n = 12 351), 14 689 rehospitalizations occurred in the 12 months after index discharge; of these, 493 rehospitalizations (3.4%) were rehabilitation encounters and were excluded. Of the remaining rehospitalizations (n = 14 196), 2906 (20.5%) were observation stays involving at least 1 overnight stay, 6471 (45.6%) were inpatient stays, and 4819 (34.0%) were emergency department visits only. Bills with ICD-9-CM codes were available for 12 983 (91.5%) of the hospitalizations.
Incidence of Events
Cumulative incidence curves for physician-adjudicated and claims-identified clinical events are presented in Figure 2 . The 1-year cumulative incidence rates for MI, stroke, and bleeding identified by the primary diagnosis code were generally lower with medical claims than with physician adjudication ( Table 1) . When broadened to all diagnosis codes, 1-year incidence rate of MI was still lower when ascertained by claims (4.3%) than by physician adjudication (4.7%), and so was the incidence of any bleeding (5.0% vs 5.4%). For stroke, both medical claims and physician adjudication rates were 0.9%. The rate of GUSTO moderate or severe bleeding by physician adjudication was 2.6%. The addition of transfusion codes to the bleeding definition overestimated the bleeding rates to 6.2%.
In sensitivity analyses excluding patients with 2 or more rehospitalizations missing ICD-9-CM codes (n = 221), the cumulative incidence rates of physician-adjudicated events were similar to the primary analysis in all study patients; however, the incidence of claims-identified events was lower, particularly for bleeding (eTable 3 in the Supplement). When patients with any rehospitalizations missing ICD-9-CM codes (n = 762) were excluded, similar results were found. Hospital bills were only able to ascertain in-hospital death, identifying 195 of 431 total deaths (45.2%) confirmed among patients discharged alive after the index MI. The incidence of the composite outcome of death, MI, and stroke at 1 year was 7.5% by physician adjudication; by medical claims, this rate was 5.1% when only the primary diagnosis code was used and 6.0% when all diagnosis codes were used. Table 2 displays agreement between claims-identified events and physician-adjudicated events. For MI, agreement between medical claims and physician adjudication was reasonable when only the first diagnosis code of each bill was examined (κ = 0.62; 95% CI, 0.59-0.66) and improved when the examination was broadened to include all diagnosis codes in the bill (κ = 0.76; 95% CI, 0.73-0.79). Agreement was lower for stroke (κ = 0.52; 95% CI, 0.39-0.64) and improved marginally by using the first or second diagnosis codes (κ = 0.59; 95% CI, 0.46-0.72) or all diagnosis codes (κ = 0.55; 95% CI, 0.41-0.68).
Event-Level Agreement
Agreement for bleeding events was markedly lower; the κ was 0.22 (95% CI, 0.18-0.25) and did not improve substantially when the search was expanded to the first or second diagnosis codes (κ = 0.25; 95% CI, 0.21-0.30) or to all diagnosis codes (κ = 0.24; 95% CI, 0.19-0.30). When compared with physician-adjudicated GUSTO moderate or severe bleeding, the 
Patient-Level Agreement
Patient-level agreement was better than event-level agreement (Table 3) To assess the differences in analysis results using claims vs trials data with physician-adjudicated events, we compared the risks of MI and bleeding as well as the composite of death, MI, and stroke at 1 year between women and men. For all outcomes, event rates were higher among women; the absolute difference in event rates between women and men were slightly larger when ascertained by physician adjudication than by medical claims (eTable 4 in the Supplement). Regardless of event ascertainment method, women had a higher cumulative incidence of MI than men (6.0% vs 4.2% by physician adjudication; 5.3% vs 3.9% by medical claims using all diagnosis codes). The HRs comparing the MI risk of women with that of men were similar (HR, 1.43 [95% CI, ] by physician adjudication; HR, 1.37 [95% CI, ] by medical claims using all diagnosis codes). The HRs were closest when medical claims using all diagnosis code positions were compared with physician adjudication. Similar results were observed for bleeding (7.2% vs 4.7% by physician adjudication; 6.6% vs 4.3% by medical claims using all diagnosis codes) and for the composite of death, MI, and stroke (9.2% vs 6.9% by physician adjudication; 7.5% vs 5.4% by medical claims using all diagnosis codes).
Discussion
Pragmatic clinical trial designs have proposed using preexisting data, such as medical claims, to ascertain clinical events as a cost-efficient alternative to dedicated trial-specific followup. Our study provides insight into the value and limitations of using billing data in clinical studies. We found (1) lower event rates when identified by medical claims rather than by physician adjudication, (2) moderate event-level agreement for MI and stroke when ascertained by medical claims rather than by physician adjudication of medical records but poor agreement for bleeding events, and (3) much better patient-level agreement than event-level agreement for MI, stroke, and bleeding outcomes. Our results recommend exercising caution when using medical claims data alone for event identification, particularly for bleeding events.
Estimated event rates based on billing data were lower than those based on adjudication; therefore, some events may be missed when using medical claims as the sole method of outcomes assessment. Claims data may miss events for several reasons. First, medical bills may not always be collectable. In TRANSLATE-ACS, claims containing diagnosis code information were collected for 12 983 rehospitalizations (91.5%), with lower rates of observation-visit collection, even if the rehospitalization involved an overnight stay, than the rates for inpatient admissions. Second, medical claims can detect only billable events. Coding practices are driven by reimbursement and not focused on comprehensive event documentation. Third, medical claims can ascertain only in-hospital events. Serious events often entail hospitalization, but early mortality may be missed; only 195 deaths (45.2%) in TRANSLATE-ACS were inhospital events identified by medical bill data. Finally, even a comprehensive claims data source (eg, insurance payer data) or electronic health record will miss events if the patient transitions in and out of health plans or health systems or if the platform does not actively track vital status. Claims data have been used increasingly to assess clinical outcomes in comparative effectiveness studies.
17 A previous study linked data from the Women's Health Initiative to Medicare claims for patients older than 65 years and found that MI event agreement between medical claims and physician adjudication was reasonable, withaκof0.71when only the first diagnosis code was examined andaκof0.74when the first 2 diagnosis codes were examined. 9 A similar analysis was performed for stroke, 10 which showed moderate agreement between Medicare data and adjudicated events (κ = 0.69). Moreover, several studies have shown a high positive predictive value of using Medicare claims data to capture ischemic events. 8, 9, 15, 18 Medicare is a unique data source because Medicare beneficiaries seldom disenroll. Consequently, ascertainment of vital status and billed clinical events is fairly comprehensive. Nevertheless, Medicare data can describe only patients older than 65 years enrolled in fee-for-service programs, limiting the data's use in clinical trials that also enroll patients younger than 65 years or patients with or without private health insurance.
The TRANSLATE-ACS study offered a unique opportunity to evaluate claims data accuracy because its protocol mandated bill collection for all patients regardless of age and payer status. Furthermore, all outcome events were centrally adjudicated. We found moderate event-level agreement between primary diagnoses of medical claims and physician adjudication for MI and stroke events. Because coding priorities for medical claims are based on reimbursement potential, the hospitalization primary diagnosis code may not align with events of interest. When we expanded the search to all diagnosis codes, the agreement rates improved.
Cardiovascular trials often need to identify bleeding events for safety surveillance. Previous studies have observed high positive predictive values for identifying bleeding events with administrative data, especially intracranial and gastrointestinal tract hemorrhages, using medical record abstraction as the criterion standard. 19, 20 In this study, we observed poor event-level agreement between medical claims and physician adjudication for bleeding events even when all diagnosis codes were considered (κ = 0.24). Although bleeding severity cannot be ascertained from billed codes, severe bleeding would more likely be a billable diagnosis, but the κ was only 0.15 for GUSTO moderate or severe bleeding when all diagnosis codes were considered. Patient-level agreement was better than event-level agreement but was still lower than the agreement observed for MI and stroke. Moreover, agreement did not substantially improve when transfusion codes were added to the definition of bleeding. For example, we compared differences in MI and bleeding risk between women and men using 2 data sources. Women consistently had higher cumulative incidence of events than did men, but the direction of the sex effect in MI and bleeding risk, as well as the composite of death, MI, and stroke, was the same despite the method of event ascertainment. The HR point estimates were closest between medical claims and physician adjudication when all diagnosis code positions in the claims data set were considered. Patient-level analyses had better correlation than eventlevel analyses, which is reassuring because patient-level analyses are commonly conducted in clinical trials. In our study, patient-level κ values were 0.80 or higher for recurrent MI and stroke, suggesting that medical bill data may be a reasonable approach to ascertain ischemic outcomes in clinical studies. Nevertheless, given lower event-level correlation, time-toevent analyses may have differing results when medical claims are used rather than physician adjudication. Our findings suggest exercising caution when using medical claims to assess bleeding events because patient-level correlation is lower than that for MI or stroke, and event-level correlations are poor. On the basis of these results, we recommend alternative approaches beyond medical claims to validate bleeding events and to appropriately identify bleeding of greater severity that may be more clinically relevant.
Limitations
The results of this study should be interpreted in light of some limitations. First, some medical claims (n = 37) could not be collected from hospitals despite multiple attempts because of patient privacy concerns (despite patient-signed informed consent and medical record release forms) and the lack of resources to pull information for research purposes. UB-04 forms containing diagnosis code data were not available from certain hospital types and encounters, particularly observationstatus hospitalizations. Therefore, several sensitivity analyses excluded patients for whom ICD-9-CM code information could not be obtained. Second, medical bill codes may have been inaccurate. For example, manual review of select cases that disagreed revealed that early readmissions after the index MI hospitalization had a diagnosis code of 410.x1 (acute MI, initial encounter), but medical record review revealed that this code alluded to the previous hospitalization event. Furthermore, the process of physician adjudication can be imperfect. Finally, because of the lack of a US universal health record, we cannot exclude the possibility that hospitalizations may have been missed despite the extensive screening of rehospitalizations and safeguards built into the study design to ascertain events.
Conclusions
Event rates at 1 year were lower for MI, stroke, and bleeding when medical claims were used rather than physician adjudication. Moderate agreement between medical claims and physician adjudication was observed in ascertaining MI and stroke events, but agreement was worse for bleeding events. While medical claims may be a reasonable resource to assess MI and stroke outcomes, caution is still needed. Medical claims have limited accuracy in identifying bleeding events, which suggests the need for an alternative approach to ensure good safety surveillance in cardiovascular studies. 
